(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
27 December 2002 (27.12.2002) 




PCT 



(10) International Publication Number 

WO 02/102283 Al 



(51) International Patent Classification 7 : A61F 2/06 

(21) International Application Number: PCT/US02/17614 

(22) International Filing Date: 4 June 2002 (04.06.2002) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

. 09/885,594 



19 June 2001 (19.06.2001) US 



(71) Applicant: ADVANCED CARDIOVASCULAR SYS- 
TEMS, INC. [US/US]; 3200 Lakeside Drive, Santa Clara, 
CA 95054-2807 (US). 

(72) Inventors: CHIU, Jessica, G.; 1508 Vine Street, Belmont, 
CA 94002 (US). FONG, Keith, Edward; 837 Cowper 
Street, Apt. E, Palo Alto, CA 94301 (US). 

(74) Agents: HANKE,Guother,0.etal.;FulwiderPattonUe 
& Utecht, Up., Howard Hughes Center, Tenth floor, 6060 
Center Drive, Los Angeles, CA 90045 (US). 



(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM, HR, HU, ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI,. CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— with international search report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



(54) Title: METHOD AND SYSTEM FOR SECURING A COATED STENT TO A BALLOON CATHETER 



oo 

<S 
O 

© 
O 




(57) Abstract: A method for mounting coated stents on balloon catheters uses a sheath and a pressurized fluid lo expand the balloon. 
Heal is applied only at the ends of the balloon. An insulating disk (50) and a chill block (40) prevent overheating of the temperature 
sensitive stent coalings. 



WO 02/102283 



PCT/US02/17614 



METHOD AND SYSTEM FOR SECURING A 
COATED STENT TO A BALLOON CATHETER 

BACKGROUN D OF THE INVENTION 

This invention relates to devices for the treatment of heart disease and 
particularly to stents. More specifically, the invention relates to a method and system 
for removably securing the stent to a catheter for delivery through a body lumen and 
subsequent implantation. The invention has particular usefulness in securing stents 
coated with heat sensitive material. 

A variety of non-surgical interventional procedures have been developed 
over the years for opening stenosed or occluded blood vessels caused by the build up 
of plaque or other substances on the walls of the bloodvessel. Such procedures usually 
involve the percutaneous introduction of the interventional device into the lumen of the 
artery, usually through a catheter. One widely known and medically accepted 
procedure is balloon angioplasty, in which an inflatable balloon is introduced within 
the stenosed region of the blood vessel to dilate the occluded vessel. The balloon 
catheter is initially inserted into the patient's arterial system and is advanced and 
manipulated into the area of stenosis. The balloon is inflated to compress the plaque 
and press the vessel wall radially outward to increase the diameter of the blood vessel. 

In another widely practiced procedure, the stenosis can be treated by 
placing an expandable interventional instrument such as an expandable stent into the 
stenosed region to expand and hold open the segment of blood vessel or other arterial 
lumen. Stents are particularly useful in the treatment or repair of blood vessels after 
percutaneous transluminal coronary angioplasty (PTCA), percutaneous transluminal 
angioplasty (PTA), or by atherectomy. Stents are usually delivered to the target site in 
a compressed, or crimped, condition, and then are deployed into an expanded condition 
to support the vessel and help maintain it in an open position. 

One method and system developed for delivering stents within a patient's, 
body lumen involves crimping a stent about an expandable member, such as an 
angioplasty balloon on the distal end of a catheter, advancing the catheter through the 
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patient's vascular system until the stent is in the desired location within a blood vessel, 
and then inflating the expandable member on the catheter to expand the stent within the 
blood vessel The expandable member is then deflated and the catheter withdrawn, 
leaving the expanded stent within the blood vessel, holding open the passageway. 
5 Retaining the position of the stent in the proper location on the 

expandable member while advancing the catheter through the body lumen has 
sometimes proven difficult. If the stent is dislodged from or moved on the expandable 
member/the system will not correctly deliver the stent into the body lumen. 

Different methods have been attempted to maintain the position of the 

10 stent on the expandable member. One such, method involves a protective sheath 
surrounding the catheter and stent assembly. The sheath is retracted prior to the 
inflation of the expandable member. The use of the sheath, however, increases the 
profile of the catheter assembly and decreases the flexibility of the system. Another 
method involves removing the friction reducing coating on the expandable member in 

15 the location of the stent, thus allowing the catheter assembly's pre-coated surface to 
hold the stent in frictional contact. 

Another method of securing the stent to the balloon catheter is described 
in U.S. Patent No. 5,836,965 to Jendersee et al. The method, while not completely 
clear, appears to include the steps of positioning a stent onto a balloon within an 

20 encapsulating sheath, pressurizing the balloon while elevating the temperature of the 
balloon, depressurizing the balloon, and then removing the encapsulating sheath. In 
the final configuration the balloon extends through or around a portion of the stent. 

A significant improvement to the Jendersee method is described in U.S. 
Application Serial No.09/391,859, filed September 8 1999, to Foreman, Limon, et al. 

25 and assigned to Advanced Cardiovascular Systems, Inc., the assignee of the present 
invention. That application is incorporated by reference in its entirety. It describes 
. how local deformations can be formed in an expandable member, such as a balloon, by 
forcing an expansion fluid into the interior of the expandable member while the stent 
is crimped on it. In this manner the expandable member partially inflates into the gaps 
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in the stent. To restrain the expandable member from expanding during deformation 
of the expandable member, an inelastic sheath can be placed about^the stent. The 
inelastic sheath allows the internal pressures in the expandable member to exceed the 
levels which would otherwise expand the expandable stent. A further improvement is 
5 to heat the expandable member while it is being deformed, to a sufficient temperature 
and for a sufficient duration to permanently deform the expandable member to form 
bulges which fill the gaps (i.e.,voids) between the struts of the stent. Advanced 
Cardiovascular Systems, Inc. (ACS) of Santa Clara, California, the assignee of this 
invention, calls this method the GRIP process, in which a high temperature nozzle 
1 0 traverses the entire length of the stent several times while the sheathed balloon remains 
pressurized. Nozzle temperatures can approach 200° F. 

The advent of coated stents has rendered these prior art methods of stent 
attachment ineffective. Coated stents, particularly those coated with drugs, are often 
temperature sensitive, and cannot withstand the heat required in the prior art methods. 
15 In the past, one solution would have been to simply sheath the stent, but that is no 
longer acceptable. The increasing trend to direct stenting - placing the stent without 
first opening the stenosis by balloon angioplasty - requires lower profile stents while 
insuring that the stents remain secured to the balloon until placed at the lesion and 
expanded. With some coatings, sensitive to temperatures of approximately 50° C 
20 (122 ° F), like actinomycin-D, no satisfactory method has been developed to use heat 
in securing crimped stents to balloons. 

What has been needed and unavailable is a means of mounting and 
maintaining a coated stent at a desired location on a stent delivery system while using 
a heat-seated balloon, but without increasing the overall profile of the catheter 
25 assembly and thus compromising flexibility. The present invention satisfies this need. 



WO 02/102283 PCT/US02/17614 

-4- 

SUMMARY OF THE INVENTION 
This invention is directed to an improved method and system for securing 
coated stents to delivery systems. Securing the stent is accomplished by tightly 
crimping the stent onto the balloon portion of a catheter. An expansion restraint is 
5 placed over the stent and the balloon is pressurized. The balloon at the end of the stent 
conforms to the stent's geometry. The stent is kept cool by a stent temperature 
controller while a portion of the catheter balloon extending beyond the edge of the stent 
is heated by a heat source, such as hot air. The heat permanently seats the balloon at 
the stent's ends. In one embodiment, an insulating material is disposed between the 

10 heat source and the stent temperature controller to further protect the stent. In this 
manner, the stent is kept cool enough so that any temperature sensitive coatihgs are not 
deleteriously affected while heat is applied to the balloon. The basic system for 
accomplishing this method includes the heat source, the insulator, and the stent 
temperature controller. 

15 Additional steps can be added to the method to provide for treating both 

ends of the balloon and for quenching the balloon once it has been adequately heated. 
The method is preferably accomplished by using the embodiment of a system for 
securing the stent that is disclosed in detail below. The system includes a hollow 
chiller block that is fed cool air from a chiller. The chiller block keeps the stent cool. 

20 The block is separated from heat nozzles by a rubber insulating disk. The disk 
insulates the stent from the heat that the nozzles apply to the end of the balloon 
protruding out from the stent and beyond the disk. 

The present invention results in a simplified method of inserting the stent 
into the body lumen, because no sheath is required to secure the stent. The catheter 

25 assembly is inserted into the body lumen without further steps being taken to secure the 
stent. The absence of a sheath makes the assembly more flexible than it would be with 
a sheath. The expandable member is inflated at the desired location, expanding and 
implanting the stent within the body lumen. When the expandable member is then 
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deflated, the stent is released and the remainder of the catheter assembly may be 
withdrawn, leaving the stent implanted within the body lumen. 

Other features and advantages of the invention will" become apparent 
from the following detailed description, taken in conjunction with the accompanying 
drawings, which illustrate, by way of example, the features of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 depicts a partial longitudinal plan view of an expandable 
member, stent, and catheter assembly. 

FIG. 2 depicts a cross-sectional view along lines 2-2 of FIG. 1. 

FIG. 3 . depicts a partial longitudinal plan view of the expandable 
member and stent assembly covered by the retaining sheath. 

FIG. 4 depicts a cross-sectional view along lines 4-4 of FIG. 3, after 
the balloon pressurization has begun. 

FIG. 5 depicts a side elevation view of the invention. 

FIG. 6 depicts a cross-sectional view through lines 6-6 of FIG. 5, 
showing the insulator disk, chill block, and the sheath-restrained stent and balloon 
catheter assembly. 

FIG. 7 is a cross-sectional view through lines 7-7 of FIG. 5, showing 
the hot air nozzle. 

FIG. 8 depicts another embodiment of the invention with a plurality of 
cold air nozzles surrounding the stent and balloon. 

FIG. 9 depicts another embodiment of the system, with single hot and 
cold air nozzles. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention provides an apparatus and method for securing a 
stent on a catheter and is particularly useful in securing a coated stent on a catheter. 
The apparatus is a system that includes a heat source, such as hot air nozzle, and a 
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temperature controller to keep the stent cool. An insulating material also protects the 
stent and its coating from the heat. The method of the present invention uses this 
system to secure an endovascular prosthesis, such as a stent, on the end of a catheter 
such as a balloon catheter used for angioplasty and stent delivery. 
5 When securing a coated stent on a catheter care must be taken so that the 

coating is not scratched or disrupted. As part of the stenting procedure, it may be 
beneficial to coat the stent with a therapeutic drug or agent. The therapeutic agent may 
perform a variety of functions, from preventing blood clots to promoting healing. As 
an example, an active agent coated on the stent can inhibit the activity of vascular 

10 smooth muscle cells. • More specifically, the active agent is aimed at inhibiting 
abnormal or inappropriate migration and proliferation of smooth muscle cells. The 
active agent can also include any substance capable of exerting a therapeutic or 
prophylactic effect in the practice of the present invention. The agent can also be for 
enhancing wound healing in a vascular site or improving the structural and elastic 

1 5 properties of the vascular site. The dosage or concentration of the active agent required 
to produce a favorable therapeutic effect should be less than the level at which the 
active agent produces toxic effects and greater than the level at which non-therapeutic 
results are obtained. The dosage or concentration of the active agent required to inhibit 
the desired cellular activity of the vascular region can depend upon factors such as the 

20 particular circumstances of the patient; the nature of the trauma; the nature of the 
therapy desired; the time over which the ingredient administered resides at the vascular 
site; and if other therapeutic agents are employed, the nature and type of the substance 
or combination of substances. Therapeutic effective dosages can be determined 
empirically, for example by infusing vessels from suitable animal model systems and 

25 using immunohistochemical, fluorescent or electron microscopy methods to detect the 
agent and its effects, or by conducting suitable in vitro studies. Standard 
pharmacological test procedures to determine dosages are understood by one of 
ordinary skill in the art. 
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Examples of therapeutic agents that are available as stent coatings include 
rapamycin, actinomycin D (ActD), or derivatives and analogs thereof ActD is 
manufactured by Sigma- Aldrich, 1001 West Saint Paul Avenue, Milwaukee Wisconsin 
53233, or COSMEGEN, available from Merck. Synonyms of actinomycin D include 
5 dactinomycin, actinomycin IV, actinomycin 1 1 , actinomycin XI , and actinomycin C 1 . 
Examples of agents include other antiproliferative substances as well as antineoplastic, 
antinflammatory, antiplatelet, anticoagulant, antifibrin, antithomobin, antimitotic, 
antibiotic, and antioxidant substances. Examples of antineoplastics include taxol 
(paclitaxel and docetaxel). Examples of antiplatelets,, anticoagulants, antifibrins, and 

10 antithrombins include sodium heparin, low molecular weight heparin, hirudin, 
argatroban, forskolin, vapiprost, prostacyclin and prostacyclin analogs, dextran, D-phe- 
pro-arg-chloromethylketone (synthetic antithrombin), dipyridamole, glycoprotein, 
llb/llla platelet membrane receptor antagonist, recombinant hirudin, thrombin inhibitor 
(available from Biogen), and 7E-3B® (an antiplatelet drug from Centocore). Examples 

15 of antimitotic agents include methotrexate, azathioprine, vincristine, vinblastine, 
fluorouracil, adriamycin, and mutamycin. Examples of cytostatic or antiproliferative 
agents include angiopeptin (a somatostatin analog from Ibsen), angiotensin converting 
enzyme inhibitors such as Captopril (available from Squibb), Cilazapril (available from 
Hoffman-LaRoche), or Lisinopril (available from Merck); calcium channel blockers 

20 (such as Nifedipine), colchicine fibroblast growth factor (FGF) antagonists, fish oil 
(omega 3-fatty acid), histamine antagonist, Lovastatin (an inhibitor of HMG-CoA 
reductase, a cholesterol lowering drug from Merck), monoclonal antibodies (such as 
PDGF receptors), nitroprusside, phosphodiesterase inhibitors, prostaglandin inhibitor 
(available from Glazo), Seramin (a PDGF antagonist), serotonin blockers, steroids, 

25 thioprotease inhibitors, triazolopyrimidine (a PDGF antagonist), and nitric oxide. 
Other therapeutic substances or agents which may be appropriate include alpha- 
interferon, genetically engineered epithelial cells, and dexamethasone. 

FIGS. 1 , 2 and 3 illustrate a catheter 25 containing a stent 1 0 placed over 
the outer surface 24 of an expandable member (such as a catheter balloon 20). The 
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stent 10 is tightly crimped about the balloon 20 and is removably secured thereon due 
to interference between the stent 10 and slight balloon deformations 11. The stent 10, 
with front end 16 and rear end 18, depicted in the drawings, conceptually represents 
any stent with a lattice or mesh configuration of expandable material. It is anticipated 
5 that stent 10 can, for example, be any of the prior art, existing, or future expandable 
metal stents known to those of skill in the art. 

Preferably, as shown in FIG. 3, expansion restraint 30 is placed over 
expandable stent 10 and expandable member 20 before the expandable member 20 is 
pressurized. The restraint 30, such as a sheath, is placed so that it entirely encompasses 

10 the expandable stent 10 and acts to prevent the stent from expanding while the 
expandable member is pressurized and thus is deformed, as shown in FIG. 4. 
Deformation of the balloon 20 to form local deformations 1 1 to fill gaps 13 in the stent 
lattice is enhanced by use of the sheath 30. Placing the sheath 30 over the stent 10 
allows the pressure of the inflation fluid in the expandable member 20 to exceed the 

1 5 levels which would otherwise cause the stent to expand. It will be understood by those 
of skill in the art that sheath 30 covers the entire balloon 20, and that FIG. 3 shows only 
a portion of the sheath for purposes of clarity. The local deformations 1 1 increase in 
size and form in the stent gaps 13 as the expandable member starts to expand, but the 
stent cannot expand because it is restrained by sheath 30. Increased pressure ensures 

20 that greater deformations will occur in the expandable member 20 while the 
expandable stent 10 remains in the unexpanded condition. The sheath 30 is preferably 
a heat resistant and stretch-resistant polymeric material, such as a Teflon® sheath (e.g. 
approximately 0.045 inch inside diameter). The diameter of the sheath should be 
chosen according to the diameter of the stent, which may vary depending on the vessel 

25 in which it is implanted (coronary, peripheral, biliary, etc.). 

A comparison between FIG. 2 and FIG. 4 illustrates what happens. FIG. 
2 represents an unpressurized stent and balloon, crimped but with no restraining sheath. 
With a sheath, as pressure is applied by an expansion fluid (not shown), balloon 20 
expands to look like FIG. 4, with exterior surface 24 of balloon 20 moving into stent 
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gaps 13 while restrained by sheath 30. As an example, a typical final pressure is 275 
psi. In this manner expandable member 20 forms larger local deformations 1 1 in gaps 
13, which secure stent 1 0 by increasing the mechanical bond between outer surface 24 
of the expandable member 20 and the expandable stent 10. The result is that balloon 
5 20 conforms to the geometry of stent 10 at the ends of the stent. If section 4 - 4 of 
FIG. 3 were taken at the front end 16 or rear end 18 of stent 10, the view would still 
look like that depicted in FIG. 4. 

A purpose of the present invention is to enable heat application to the 
ends of balloon 20, so that a greater mechanical bond can be formed between the front 

10 end 16 of stent 10 and balloon 20. At the same time, the invention protects other 
portions of the stent, so any stent coatings will not suffer chemical degradation caused 
by heat. FIG. 5 depicts the general configuration of the system for cooling most of the 
stent while heat is applied to a pressurized balloon at one end of the stent. Chill block 
40 is a stainless steel manifold. Opening 46 is a chilled air inlet, and opening 48 is an 

15 air outlet. The air is chilled by a Chilcut II chiller (not shown) made by ITW Vortec 
of Cincinnati, Ohio. A portion of the chill block 40 has a curved notch or surface 42 
into which fit the assembly of the stent 10, balloon 20, catheter 25, and expansion 
restraint or Teflon® sheath 30, 

On one end of the chill block 40, a heat nozzle 60 is placed near the edge 

20 of chill block 40, so that the nozzle 60 can apply hot air to the front end 22 of balloon 
20. Heat nozzle 60 is connected to a heat source capable of providing hot air (e.g. 
between the temperatures of 180° and 200° F about 82° C to about 94° C at the 
nozzle). In practice, stent 10 may be coated with a therapeutic agent, e.g., a cytotoxic 
material such as actinomycin-D. At temperatures exceeding 50° centigrade (about 

25 122° F), the actinomycin-D coating would be affected by the heat from nozzle 60, 
causing the coating to chemically degrade. To prevent heat nozzle 60 from damaging 
the stent coating, an insulating disc 50 is interposed between the chill block 40 and heat 
nozzle 60. Preferably, the insulating disc is made of rubber that is about 0.0625 to 
0.125 inch thick. The insulating disc 50 and the chill block 40 prevent the coating on 
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stent 10 from reaching too high a temperature. A temperature differential of 
approximately 30° C (about 54° F) has been maintained between the heat nozzle 60 
and the temperature of the stent 10 on chill block 40. It is anticipated that a 
temperature differential of at least 50° C (about 90° F) can be reached. The 
5 temperature differential is a function of the amount of heat applied by nozzle 60, the 
thickness and type of material of the insulating disc 50, and the nature of the stent 
temperature controller, which in the preferred embodiment is chill block 40. These 
parameters, in turn, are a function of the heat sensitivity of the stent coating. The stent 
must be kept a temperature lower than the point at which the coating will degrade. In 

1 0 practice, the front edge 16 of stent 1 0 is placed approximately even with the heat side 
face 52 of insulating disc 50. Coated stents that are secured according to the present 
invention may also involve securing the stent by moving grip sheath 30 (including the 
balloon 20 and stent 10) in one direction or another along the longitudinal axis of the 
stent: That axis would be concurrent with catheter 25. 

1 5 FIG. 7 depicts the heat nozzle 60 with hot air outlets 62 both above and 

below grip sheath 30. The number of hot air outlets 62, and their location, will be a 
function of the heat necessary to secure the balloon end 22 to stent 10. 

To secure the balloon and stent properly, it is preferred that heat be 
applied to both ends of balloon 20. The preceding discussion has addressed applying 

20 heat only at one end. A variety of systems and methods will permit the use of the 
present invention to secure both ends of the coated stent to the catheter balloon. One 
way is to simply remove the sheath, stent, balloon, and catheter assembly and reverse 
it, so that the opposite end of the balloon is heated and the stent secured. Alternatively, 
two heat nozzles could be secured at a distance approximately equal to the length of 

25 the stent. Thus, one embodiment of the invention can include a system which 
incorporates a single chill block or other stent temperature controller with a heat nozzle 
and insulating disc at each end of the chill block. In fact, one might choose to heat any 
particular part of the stent while cooling the other part. The specific details are a 
matter of choice for one of ordinary skill in the art. 
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From the preceding description of the catheter assembly, stent, and 
heating and chilling equipment, it is easy to understand the preferred method of the 
present invention. A stent is crimped on a catheter balloon. The method of crimping 
is not material, and can be accomplished by any of the known or proprietary methods 
5 . available to stent manufacturers. A Teflon® sheath is placed over the balloon. In the 
preferred method, the sheathed assembly is first pressurized and then secured in the 
chiller block, although those steps can be reversed. In the present embodiment, the 
heat nozzle remains stationary, while the chiller block and insulating disk are 
. moveable. The movement can be controlled with a hydraulic system, robotics, or other 

10 methods known to those of skill in the art. Once the sheathed assembly is secured in 
the curved surface 42 of the top of chill block 40 and pressurized, it is moved toward 
and positioned near the heat nozzle. Other versions of the method contemplate that the 
pressurization can be accomplished before, during, or after the movement, depending 
on the choice of manufacturing process. Similarly, whether the heat nozzle operates 

1 5 continually or is shut off while switching from catheter to catheter will depend on the 
speed and economics of the system. 

Heat is ultimately applied to the balloon end, at a nozzle temperature of 
approximately 90° C (about 194° , F) for two minutes. The balloon end is then 
quenched with cool air, approximately 20° C (about 68° F) for thirty seconds. The 

20 quenching air (or any other gas) can be supplied by the same chiller that cools the chill 
block, or it can come from a different source. It is also a matter of choice whether to 
quench before the catheter and sheathed assembly are moved away from the heat 
nozzle, or after. The preferred method contemplates quenching immediately after 
heating and before depressurization and movement of stent, balloon, and catheter 

25 assembly. 

While the invention has been illustrated and described above, it will be 
apparent to those skilled in the art that variations of the described system and methods 
can be used. Particular sizes, dimensions, materials, and equipment have been 
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described only for the purpose of providing examples. Other modifications and 
improvements may be made without departing from the scope of the invention. 

For example, one preferred embodiment of the invention contemplates 
the use of chill block 40, as previously described. Nevertheless, other stent 

5 temperature controllers are easily envisioned. For example, FIG. 8 depicts a manifold 
140 with numerous outlets 141 for blowing cold air on the stent 1 10 in the vicinity of 
the insulating disc 1 50. The stent 1 10 actually fits inside or through the manifold 140, 
so that chilled air can be blown through nozzles 141 and onto the stent. Meanwhile, 
on the other side of insulating disk 150, outlets 162 of hot air nozzle 160 provide heat 

10 at the front end of stent 110. This contrasts with the embodiment shown in FIGS. 5 
and 6, in which the Teflon® sheath 30, with stent 10 and balloon 20, are in physical 
contact with the exterior of the chill block 40. In FIG. 9, the stent temperature 
controller 240 is even less sophisticated, and simply is a tube with chilled air fed 
through a nozzle or nozzles and directed toward where grip sheath 230 meets insulating 

1 5 disc 250. Heat nozzle 260 applies heat to the front end of the balloon. 

Similarly, stent 1 0 in FIG. 5 should not be limited in terms of its physical 
configuration or its constituent materials. Any stent subject to balloon expansion, such 
as those stents described in the Handbook of Coronary Stents by Patrick Serruys and 
Michael J .B . Kutryk, can be used with the present invention. The same can be said of 

20 the catheters and balloons that are depicted in the attached drawings. 

As presently envisioned, the securing system depicted in FIG. 5 
contemplates that the heat nozzle will remain stationary, and that the grip sheath, 
balloon, and stent, will be secured to the chill block and moved into place as depicted 
in FIGS. 5-7. Such movement can be accomplished in any number of ways that are 

25 well known in the art. Another variation within the scope of the invention would be to 
secure an insulating wall in the vicinity of the heat nozzle. Presently, one preferred 
embodiment of the invention has the sheath, stent, and catheter assembly sitting in a 
curved notch 42 at the top of chill block 40. Other methods of keeping the stent and 
chill block in contact, such as straps or clamps, could also be used. 
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WHAT IS CLAIMED : 

1 . A method for mounting a stent on a delivery system, comprising 
the steps of: 

5 providing a catheter assembly having an expandable member with 

a first end and a second end; 

providing an expandable stent having a first end and a second end 
corresponding to the first and second ends of the expandable member; 

crimping the stent on the expandable member so that the first and 
10 second ends of the expandable member extend beyond the first and second ends of the 
stent; 

placing an expansion restraint over the stent and at least a portion 
of the catheter assembly; 

pressurizing the catheter assembly and the expandable member to 
15 a predetermined pressure; 

disposing the expansion restraints, stent, catheter assembly, and 
expandable member in operative connection with a stent temperature controller and a 
heat source; 

applying heat from the heat source to a portion of the expandable 
20 member while controlling the temperature of the stent with the temperature controller; 

depressurizing the catheter assembly and expandable member; and 
removing the expansion restraint. 

2. The method of claim 1 , further comprising the step of quenching 
the heated portion of the expandable member before depressurizing the expandable 
member. 

3. The method of claim 1, wherein the stent temperature controller 
and the heat source are separated by an insulating material. 

4. The method of claim 1, wherein the temperature controller 
comprises a manifold cooled by a chilled fluid. 
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5 . The method of claim 2, wherein the heat is applied to the first end 
of the expandable member. 

6. The method of claim 5, further comprising the steps of heating and 
quenching the second end of the expandable member. 

7. The method of claim 1, wherein the stent is coated with, a 
therapeutic agent prior to the crimping procedure. 

8. A method for mounting a coated stent on a delivery system, 
comprising the steps of: 

providing a catheter assembly having a catheter balloon with a first 

end and a second end; 

5 providing a coated stent having a first end and a second end 

corresponding to the first and second ends of the catheter balloon; 

crimping the coated stent on the catheter balloon so that the first 
and second ends of the catheter balloon extend beyond the first and second ends of the 
stent; 

1 o placing an expansion restraint over the stent and at least a portion 

of the catheter assembly; 

pressurizing the catheter assembly, including the balloon, to a 
predetermined pressure; 

disposing the expansion restraint, stent, and catheter assembly in 
15 operative connection with a stent temperature controller separated from a heat source 
by an insulator; 

applying heat from the heat source to the first end of the catheter 
balloon while controlling the temperature of the coated stent; 

quenching the heated end of the balloon; 
20 depressurizing the catheter assembly and balloon; and 

removing the expansion restraint. 
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9. The method of claim 8, further comprising the steps of heating and 
quenching the second balloon end before depressurizing the catheter assembly and the 
balloon. 

1 0. The method of claim 9, wherein the second balloon end is heated 
and quenched after the first balloon end has been heated and quenched. 

11. The method of claim 8, wherein the stent temperature controller 
is a metal manifold, with an interior and an exterior, in operative communication with 
a source of chilled fluid. 

12. The method of claim 1 1 , wherein the chilled fluid is air. 

13. The method of claim 1 2, wherein the chilled air is pumped into the 
interior of the manifold to chill the exterior of the manifold. 

14. The method of claim 13, wherein the heat source is a nozzle with 
a plurality of openings for directing a heated gas. 

15. The method of claim 14, wherein the insulator is one of either 
rubber or a polymer material. 

1 6. The method of claim 8, wherein a therapeutic agent is coated onto 
the stent prior to the crimping procedure. 

17. A method for securing a coated stent to a balloon catheter, 
comprising the steps of: 

providing an assembly of a pressurized catheter and balloon with 
end portions, the balloon being covered by a crimped, coated stent and an expansion 
5 restraint with the balloon end portions extending beyond the stent; 

providing a chill block separated from a heat source by an 

insulator; 

placing the assembly such that the stent is disposed primarily in 
proximity to the chill block while one end portion of the balloon is disposed proximate 
10 to the heat source; 

heating and quenching the balloon end portion; and 
depressurizing the assembly and removing the restraint. 
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1 8 The method of claim 1 7, wherein the heat source produces heated 
air between the temperatures of 50° C and 100° C. 

19. The method of claim 17, wherein the heated balloon portion is 
approximately 15° C to 50° C warmer than the stent disposed proximate to the chill 
block. 

20. A system for securing stents to balloon catheters, comprising: 

a stent temperature controller adapted to chill the temperature of 
an assembly including a catheter balloon and a stent; 

a heat source, disposed proximate the temperature controller, and 
adapted to heat an end portion of the balloon projecting from an end of the stent; and 

an insulator disposed between the heat source and the stent 
temperature controller, the insulator adapted to permit relative motion of the assembly, 
stent, and expansion restraint. 

21 . The system of claim 20, wherein the stent temperature controller 
is a metal manifold. 

22. The system of claim 20, wherein the metal manifold is chilled by 

cold air. 

23. The system of claim 20, wherein the heat source comprises a 
plurality of hot air nozzles. 

24. The system of claim 20, wherein the insulator is rubber 
approximately 0.0625 to 0.125 inch thick. 

25. The system of claim 20, further comprising an expansion restraint 
in the balloon and stent assembly. 

26. The system of claim 20, further comprising a means for quenching 
the heated balloon end portion. 

27. . The system of claim 26, wherein a chiller provides cold air to both 
the stent temperature controller and the quenching means. 

28. The system of claim 20, wherein the stent temperature controller 
comprises chilled air blown on the assembly. 
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29. The system of claim 21, wherein the manifold is adapted to hold 
the catheter assembly, stent, and expansion restraint. 

30. The system of claim 20, wherein the stent is coated with a 
therapeutic agent prior to chilling the stent. 

31. The system of claim 25, wherein the expansion restraint is a 
Teflon® sheath. 

32. A method for securing an endoluminal prosthesis to flexible 
expansion device, comprising: 

providing an assembly of the prosthesis mounted on the expansion device; 

and 

heating one part of the assembly and simultaneously cooling a second part 
of the assembly. 

33 . The method of claim 32, wherein the prosthesis is a stent and the 
expansion device is an angioplasty balloon. 

34. The method of claim 32, further comprising the step of placing an 
expansion restraint over the assembly and pressurizing the expansion device. 



35. The method of claim 34, wherein the temperature differential 
between two parts of the assembly is 15° C to 50° C. 
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